We have recently reported the isolation of fastidious, mycobactin-dependent, unclassified Mycobacterium sp. isolates from two patients with Crohn's disease (5-7). These Mycobacterium sp. isolates have characteristics which distinguish them from all previously recognized species, but they most closely resemble M. paratuberculosis (5) . Incubation periods of up to 18 months may be necessary for primary isolation. Animal studies have shown that the bacillary form of this organism is pathogenic for BALB/c mice and goats, and oral inoculation of one strain into goats resulted in a granulomatous ileocolitis resembling Crohn's disease in 5 to 9 months (7). Primary sites of intestinal infection are the Peyer's patches and lymphoid aggregates of the small and large bowels, the sites where Crohn's disease is thought to begin. Histologic features of the disease in goats include epithelioid-cell granulomas, perilymphatic lymphangitis, ulcerations, and fissures, all important features of Crohn's disease. Immunologic investigations by enzyme-linked immunosorbent assay demonstrated that patients with Crohn's disease have a statistically significant (P = 0.0003) increase in antibody titers to the Mycobacterium spp. compared with controls and patients with ulcerative colitis (29) . Since the original report, two additional strains have been isolated and information has been obtained which suggests that a spheroplast form may account for the long incubation periods required for isolation.
MATERIALS AND METHODS
Microorganisms. Three strains of a previously unrecognized Mycobacterium sp. isolated from patients with Crohn's disease were examined. These included Mycobacterium sp. Dominic, which was reported previously (5) , and two new isolates, strains Ben and Leona, reported herein.
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Both spheroplast and bacillary forms of these three strains were propagated and examined. In addition, spheroplasts isolated from 12 patients with Crohn's disease were examined. Spheroplasts were defined as microorganisms which could be cultivated on artificial media but were not characteristic bacteria as determined by light and electron microscopy.
Isolation. Primary isolation techniques have been described previously (5, 7) . Briefly, mucosa and submucosa from resected gastrointestinal tissues were digested with 2.5% trypsin, filtered, and centrifuged at 4,340 x g. The centrifuge pellet was suspended in 0.1% benzalkonium chloride and allowed to stand at room temperature for 18 to (25, 30) as currently used in the serotyping of mycobacteria (30) . To each tube, 0.25 ml of the working dilution of serum was added, followed by 0.25 ml of the bacterial suspension. Control tubes containing 0.25 ml of PBS and 0.25 ml of bacterial suspension and tubes containing 0.25 ml of serum and 0.25 ml of PBS were also included. In addition, seroagglutination was performed with normal rabbit serum obtained before the rabbit was immunized (preimmune serum). weeks following inoculation into broth, large gram-positive bacilli and coccobacilli were present within the pleomorphic material (Fig. 2) . Continued incubation (7 to 9 weeks following inoculation) resulted in the appearance of a few acid-fast bacilli, usually occurring in pairs, and at 8 to 9 weeks following inoculation broth cultures contained a pure culture of a strongly acid-fast Mycobacterium species (Fig. 3) . Subcultures of these cultures readily grew in 3 to 4 weeks in 7H9 broth medium and in 6 to 8 weeks on HEYM and 7H10 agar media. Transformation into classical bacillary forms of mycobacteria was readily repeated with third-passage white colonies but not with earlier translucent or opaque colonies. Although they were reproducible, at least three flasks of broth needed to be heavily inoculated with white colonies to ensure that at least one culture would transform.
Culture and transformation. The transformation process suggested that early growth represented spheroplasts, although colonies developing on agar were similar to those of classical bacteria. In addition, growth and transformation occurred on nonhypertonic media. The poor and slow growth of these isolates on HEYM prompted our investigation of the utilization of a hypertonic medium for propagation of organisms for further study. Attempts Electron microscopic observations. Bacillary forms of strains Ben and Dominic revealed a well-defined cell wall measuring 6.0 to 13.0 nm thick (Fig. 4) . Mesosomes or cytoplasmic invaginations and dense layered membranes were present within many cells (Fig. 4 and 5 ). There were multiple electron-translucent areas probably representing oil-red 0 inclusions as seen at the light level in some mycobacteria (27) . Cytoplasm contained low-density areas with fine granular material or threads consistent with nuclear regions. Multiple small round to oval granules of various electron densities were the most prominent feature of the cytoplasm. There were occasional electron-dense areas resembling those of volutin granules. Many cross sections contained a poorly defined internal structure, but the cell wall was readily identified (Fig. 5) .
Electron microscopic examination of opaque and white colonies of strains Ben and Dominic revealed microorganisms bound by a unit membrane but devoid of cell wall material (Fig. 6) . The plasma membrane was poorly defined in most cells. Spherical forms of variable sizes were most prominent, but ovoid, teardrop, bean-shaped, and other forms were also observed. Many forms showed budding at single or multiple sites along the plasma membrane (Fig. 7) , representing globular elements known as microspherules (32) (Table 1 ). Other restriction enzymes, i.e., AvaI, BamHI, HindlIl, PvuII, SstI, and XhoI, produced distinguishing rDNA fragments between the organisms examined. M. kansasii, distantly related taxonomically, shared identical fragments with other mycobacteria when restricted with BglII and HincIl enzymes, which appear to produce fragments conserved within the genus. In addition, M. kansasii, M. paratuberculosis, and the Crohn's disease isolates shared restriction fragments when digested with AvaI. From these data it was concluded that spheroplasts could be compared and identified by appropriate choice of restriction endonucleases. Owing to the limited amount of available spheroplast DNA, only selected enzymes were used for analyses.
Digestions with EcoRI, BamHI, and XhoI were selected as digests which would produce distinguishing rDNA fragments and allow identification of the spheroplasts (Table 1) . Identification of a spheroplast is generally dependent on its transformation to the bacillary state. Mycobacterial spheroplasts have characteristics completely different from those of the parent forms. Cell walls limit permeability into the cell cytoplasm, and the absence of this exclusion mechanism at the wall level alters biochemical reactivity (22) . Thus, a complete cell wall is necessary for identification and determination of origin of the spheroplasts. The difficulties encountered in inducing transformation and our failure to date to transform the 12 unidentified spheroplasts reported herein are not unusual. Successive transfers, for 10 months, were required for transformation of M. tuberculosis spheroplasts into bacillary forms (18) . Heavy variant growth is necessary for transformation to occur. In experimentally induced spheroplasts, reversion rates to the bacillary form were found to be as low as 0.1% (21, 31, 32) . Reversion rates for naturally occurring spheroplasts are not known but are likely to approach the lower limits of those of experimental forms. Transformation of spheroplasts from four patients into classical mycobacteria and the demonstration of identical restriction fragments of the rDNA genes provided evidence that these spheroplasts were mycobacterial in origin.
Burnham and co-workers (4) recently proposed cell walldeficient mycobacteria as etiologic agents of Crohn's disease. They reported isolation of a strain of M. kansasii from a lymph node of one patient with Crohn's disease and recovery of pleomorphic cell wall-deficient organisms from 22 of 27 Crohn's disease patients and 7 of 11 ulcerative colitis patients but in only 1 of 11 controls (4). M. kansasii is an opportunistic organism causing a tuberculosislike pulmonary disease, which has been isolated from various environmental sources and human and animal lymph nodes (23, 36) . Their cell wall-deficient organisms could not be transformed and thus may have represented one of the many L-form bacteria commonly found in patients with inflammatory bowel disease (3) . Immunologic studies conducted with M. kansasii antigens were at first encouraging (4, 34) but could not be reproduced by other investigators (9, 35) .
The role of cell wall-deficient forms of bacteria as etiologic agents of disease has been the subject of investigations for many years. They have been frequently isolated from clinical specimens (2, 3, 11, (17) (18) (19) (20) , but experimental challenge studies have generally been negative (8, 12, 14, 24) . Disease often results from revertant bacillary forms and not the spheroplasts themselves. Nevertheless, pathogenic spheroplasts may exist, as do their morphologically similar relatives, the mycoplasma. It has been shown that bacterial spheroplasts persist in the body for longer periods, have poor chemotactic activity, and resist phagocytosis to a greater extent than their parent forms (24 
